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Abstract 
The ecological pressure indicator system of the resource-based and heavy industrial city was established, and the 
weight of each index was calculated by factor analysis. A case study of Fushun city was introduced. The developing 
status of ecological pressure during 2000-2009 was analyzed and assessed. Based on these, the relationship between 
per capita GDP and ecological pressure was validated by software SPSS. Results indicated that the ecological 
pressure index increased from 0.82 to 0.88, and it demonstrated an increasing trend on the whole. The index was 
steady during 2000-2004, but revealed obvious fluctuations during 2004-2009. Degree of fitting between per capita 
GDP and ecological pressure was higher, and R square was 0.917. Environmental pollution resulting from 
socio-economic development is still the main cause of ecological pressure. 
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1. Introduction  
As a human-environmental-economic-socio complex ecosystem, urban ecosystem is the main 
inhabitation region for human being where the political, economic, cultural and other social activities 
relatively concentrated in the city. As the results of the rapid economy development and population boom, 
the issues about resource depletion, environmental pollution had brought about a serious challenge for 
urban ecosystem sustainable development. Therefore, in order to satisfy the human activity, it is very 
important to achieve a virtuous circle and realize sustainable development for urban ecosystem [1]. 
Many scholars have researched into the issue of sustainable development for urban ecosystem [2]. 
However, in the view of ecological pressure for urban ecosystem, there still exist many disputes. The 
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definition of scientific and effective assessment indicators of ecological pressure for urban ecosystem is a 
complex objective due to the complexity of the phenomena concerned and the difficulty to integrate them 
in a sound way. Based on the relevant studies, various indexes systems and evaluation models were 
carried out, and taken the Thessaloniki [3], Seoul [4], Shanghai [5], Peking [6,7], Padua [8], Guangzhou 
[9], Yantai [10] and other economically developed cities as examples, however, there are few of study on 
the resource-based and heavy industrial city, furthermore, fewer studies about correlation analysis of 
ecological pressure and GDP per capita were analyzed. Based on these, in this present study, the Fushun, 
a resource-based and heavy industrial city, was taken as an example, evaluation model of ecological 
pressure was established, and correlation between ecological pressure and GDP per capita was validated, 
and then, ecological pressure of Fushun city during 2000 to 2009 was evaluated. 
2. Methodology 
2.1. Study area 
Fushun city is a resource-based and heavy industrial city, which is located in eastern part of Liaoning 
province, and 45 kilometer apart away from Shenyang. 34 kinds of mineral resource are found in Fushun, 
which constituted 47.3% of mineral resource of the province. Fushun is a heavy industry base of China, 
and the largest petroleum chemical industry city in north, which integrates the coal industry, 
petrochemical industry, metallurgy industry and et al.  
2.2. Data and methods 
 Data source 
Data collection is an important work before operating an assessment. The good indicators should be 
easy to be understood, sensitive to changes and relevant among themselves. Especially, they will be 
evaluated to be scientifically sound and statistically valid, capable of providing quantitative information. 
Based on these, the source data of population, social and economic mainly came from China statistical 
yearbook for regional economy, China city statistical yearbook, Liaoning province statistical yearbook, 
Fushun city statistical yearbook and so on. In total, the number of final dataset was consisted of more than 
200 including information of eco-society and resource environment in the period of 2000–2009. 
 Index system and models  
The index system framework of ecological pressure can be seen from Table 1, which consisted of 3 
levels and 10 indicators. Among them, ten indicators were grouped into two set called inclusive aspects, 
P1, P2, P3, P4 and P5 were designed to represent the resource pressure degree, while P6, P7, P8, P9 and 
P10 represented the pollution pressure degree. 
1167M. Wu et al. / Procedia Environmental Sciences 13 (2012) 1165 – 1169
   1194                      M. Wu et al./ Procedia Environmental Sciences 8 (2011) 1192–1196 
 
 
Table 1. Index system framework and weight-determining 
Index name Inclusive aspects Indicators Units Weight 
Ecological 
pressure 
Resource pressure 
(P1)Population density                 person/sq.km. 0.020586 
(P2)Per capita agricultural acreage       sq.hm/person 0.032413 
(P3)Per capita water resource           cu.m/person 0.139511 
(P4)Per capita water resource availability  cu.m/person 0.087505 
(P5)Energy consumption               t/person 0.053318 
Pollution pressure 
(P6)Industrial waste water discharge   t/person 0.279022 
(P7)Industrial waste gas discharge 104 cu.m/person 0.175009 
(P8)Industrial solid waste discharge t/person 0.106637 
(P9)Consumption of chemical fertilizer t/sq.hm 0.064826 
(P10)Consumption of pesticides t/sq.hm 0.041172 
 
Evaluation model of ecological pressure were composed of the ten indicators (P1-P10) above, and as 
noted below. 

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Where, STYL is the index of integrated ecological pressure degree; STYLi is the indicator treated 
through dimensionless raw data of individual indicator, 0<STYLI <1; Wi is the weight of indicator. 
 Weight-determining 
The weights of indicators in index system were determined by the method of Analytic Hierarchy 
Process (AHP) and to avoid subjective judgment to a certain extent, ten professors from different subjects 
were employed to weight the indicators (see Table 1). 
3. Results 
3.1. Model validation 
Based on the data from Fushun during 2000 to 2009(exclude 2005, because the extraordinary flood 
happened in 2005, the ecological pressure of 2005 was ignored.) the correlation between ecological 
pressure and per capita GDP was regressed using the SPSS 18.0, and R square was 0.917(larger than 
0.85), entropy of freedom degree was 0.006(smaller than 0.05). The results showed that ecological 
pressure fitted a higher degree of per capita GDP (see Fig.1). 
Regression equation is as follow. 
   
Y=0.994-2.588×10-5x+1.234×10-9x2-1.731×10-14x3                     (2) 
  Where, Y is ecological pressure index, x is per capita GDP. 
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Fig. 1. (a) related validation between ecological pressure and per capita GDP during 2000-2009 for Fushun; (b) ecological pressure 
of Fushun during 2000-2009 
3.2. The status of ecological pressure 
Ecological pressure of Fushun during 2000-2009 maintained 0.82-0.88 (see Fig.1), which is in high 
pressure, furthermore, there is an increasing trend on the whole. The ecological pressure cure can be 
divided into 2 periods, in the period of 2000-2002, the contribution from resource pressure and population 
pressure to ecological pressure is nearly the same, and it is indicated that Fushun city was in high 
resources occupation and high pollution period. In the period of 2002-2009, it is found that the population 
pressure contribution to ecological pressure is quite larger, and reflects the trend of growth. Among these, 
one of the most significant fluctuations is occurred in 2005, because of the flood damage, and the per 
capita water resource became larger than the other times, therefore, ecological pressure increased 
significantly. 
4. Summaries  
The ecological pressure index of Fushun during 2000 to 2009 increased from 0.82 to 0.88, and it 
demonstrated an increasing trend on the whole. The curve is divided into 2 stages, the earlier 2000-2002 
and the later 2002-2009. The former index was steady, but the latter revealed obvious fluctuations. 
Degree of fitting between per capita GDP and ecological pressure was higher, and R square was 0.917. 
Environmental pollution resulting from socio-economic development is still the main cause of ecological 
pressure. 
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